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The integer quantum Hall (QH) effect is a compelling phenomenon that can be observed in a 
two-dimensional electron system (2DES) with a strong perpendicular magnetic field at temperature 
below a few kelvin. In a magnetic field perpendicular to the plane of the 2DES, the quantized 
density of state (DOS) is quantized into discrete energy levels, called Landau levels (LLs). The 
number of the LLs occupied with electrons is called the filling factor and denoted as ν. When the 
Fermi energy lies in between LLs and ν has an integer value, longitudinal resistance vanishes. This 
disappearance of the resistance is the consequence of a formation of the QH edge state. The QH 
edge stat is a one-dimensional conductive channel in which backscattering is nearly completely 
suppressed.  
In this thesis, the dynamics of the QH edge state were investigated by two methods: a time-domain 
charge transport measurement and a time-resolved-micro-spectroscopy. A new measurement system 
was constructed to perform the two measurement techniques on a QH device inside a dilution 
refrigerator equipped with a superconducting magnet. 
The time-domain charge transport measurement was first performed to study the transport 
properties of the excited QH edge state at filling factor ν = 1  QH regime. We observed the 
waveform of the charge-density packet which was not proportional to the voltage signal applied to 
excite the edge state [1]. The dense and sparse regions of the charge-density wave packet were 
interpreted to correspond to the convexity and concavity of the boundary of the 2DES [2]. Further, we 
studied the transmission and reflection behaviors of the charge-density wave packet by applying a 
center gate voltage to control the path of the edge state. It was shown that the threshold voltages 
where the dominant direction was switched in either transmission or reflection for dense and sparse 
wave packets were different. It was also observed that the average velocity of the charge packet was 
reduced by the front gate electrode due to the screening effect.  
Secondly, we conducted a time-resolved photoluminescence (PL) measurement to investigate the 
radiative response time of the charged excitons in filling factor ν = 1 QH regime. The PL response to 
a 3 ps pulse laser was fitted with exponential rise and decay.  The result demonstrates that the full 
width at half maximum of the PL response is in the order of sub-ns, suggesting that the charged 
exciton PL is capable of being exploited for investigating ns scale phenomena at the QH edge state.  
Finally, we performed a time and spatially resolved PL measurement at the vicinity of the edge 
state excited by a voltage signal. The pulse laser and were synchronized at the period of ~ 13 ns, 
and the time delay between them was changed by a delay circuit while measuring the PL with a 
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CCD camera. As the measured PL peak intensities were plotted as function of time and position, a 
concavity-like pattern was observed. Inside the concavity, the PL intensity was weaker than the 
outside part, but not completely vanished. This indicates that the propagation of the excited edge 
state is accompanied by the deformation of the confinement potential, and PL intensity is affected 
by the electric field created by the deformed potential [3].  
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このような状況において、本論文の著者は電子占有率 v = 1 量子ホール状態のエッジにパルス電
圧を加え、そのパルス電圧がエッジを伝搬する際に生じる波形の測定に成功した。また、センター
ゲートを用いてエッジ状態を分岐させ、そのときの透過および反射波形の比較から端状態を流れる
励起の動的特徴を明らかにした。さらに著者は、エッジ状態の実空間構造を明らかにするために、
時間分解フォトルミネッセンス測定を行い、エッジを伝搬するパルスの時空間観察に成功し、エッ
ジ状態の動的振る舞いを明らかにした。  
以上の研究成果は、量子ホール系におけるエッジ状態ダイナミクスの解析を可能にした点で大き
な意義を持ち、著者が自立して研究活動を行うに必要な高度の研究能力と学識を有することを示し
ている。したがって、松浦雅広提出の博士論文は，博士（理学）の学位論文として合格と認める。 
 
 
 
 
 
 
 
 
 
 
 
